A measles virus (Halle SSPE isolate) induced ring plaque phenomenon (concentric rings of living and dead cells) has been shown to be associated with the temperaturedependent production of interfering particles. The interfering particles have been purified by potassium tartrate linear gradient centrifugation and have buoyant densities of 1.15 g/ml (M particle) and 1-06 g/ml (L particle) respectively. Both interfering particle populations have been shown to decrease the yield of wild-type measles virus from infected cells by 50% when co-infection experiments were performed. Neither the M or L particle population interfered with the growth of VSV in the same host-cell system.
Short communications (a)
In order to further examine the MVH isolate associated with ring plaque production, large amounts of MVH virus were prepared by infecting Vero cell monolayers at 37 °C in roller bottles at a multiplicity of 0.05 p.f.u./cell. At 72 h post-infection, when 90 % c.p.e, was observed, the infected cells were frozen by placing the roller bottles at -3 5 °C. Virions were purified using a modification of the technique of Hall & Martin (1973 , 1974 . The crude virus suspension obtained was layered on to a 15 to 50% linear gradient of potassium tartrate in 10 mM-tris-HC1, containing 1 mM-EDTA at pH 7.4, and centrifuged at 155 000 g for 16 h in a Beckman SW40 Ti rotor. At the completion of the centrifugation period, 15-drop fractions were collected from each tube and tested for haemagglutinating activity (a standard microtitre system using 0.5% final concentration Cercopithecus aethiops erythrocytes and 37 ° C incubation was used) and infectivity.
Following centrifugation of the MVH preparations in potassium tartrate gradients, three distinct particle populations were observed at buoyant densities (g/ml) of 1.225, 1.15 and 1.06. The three particle populations were designated as H (heavy, complete), M (middle, incomplete) and L (light, incomplete) respectively. Haemagglutinating and infectivity assays revealed that all such activity was associated only with the H particle population. Maximum haemagglutinating titres (16-to 32-fold higher) were obtained when assays were carried out in the presence of 800 mM-ammonium sulphate (salt-dependent haemagglutinin; Schleuderberg & Nakamura, 1967) .
The interfering property of the M and L particles with the growth of the H particle, MVH and other MV strains and isolates (Edmonston and LEC) was determined by adding aliquots of the gradient-purified particles to susceptible cell monolayers with, or before, the addition of a standard inoculum of test virus. The infected cells were incubated for 12 days at 37 °C. Interference was judged to have occurred if a 50% or greater reduction in titre of the test q" Inoculum diluted to contain a countable number of plaques/plate. 5; VSV was included in the interference assays to determine if the interference observed was a non-specific phenomenon.
§ 0.1 ml of gradient-prepared material was added to each plate. II p.i., Post-infection.
virus was observed. Table 1 gives the results obtained. Both the M and L particles interfered with the normal production of the MVH, Edmonston and LEC virus plaques. Non-specific inhibition of virus production did not appear to be involved in the phenomenon, as a VSV preparation assayed under the same conditions produced 'normal' amounts of infectious virus. The induction of the interference phenomenon was observed to have occurred within 6 h of the addition of either the M or L particles to cell cultures (at which time an aliquot of test virus was added). As a detailed biochemical examination of the interference phenomenon has not been done, no definitive comment can be made as to the mechanism involved. It is well known that undiluted passage of certain viruses results in the cyclic increase and decrease of infectious (complete) virus and non-infectious (incomplete) interfering particles (Huang, 1973) . The ring plaque phenomenon described in this study is a graphic illustration of the cyclic phenomenon. The clear, non-stained areas of the ring plaque represent the cycle of maximum complete infectious particle production, while stained, living cell areas represent that portion of the cycle where infectivity is low and (defective-) interfering particle production is high. The occurrence of ring plaques at 37 °C would indicate that low virus titres observed in this and other laboratories may be the result of the presence of large numbers of interfering particles.
That MV interfering particles do occur is shown by the appearance of the two light buoyant density M and L particle populations in potassium tartrate gradients. The possibility does exist, however, that the M and L particles observed do not consist of intact virus-like particles, but instead consist of subviral components or aggregates. This possibility cannot be resolved by electron microscopy, as the conditions of negative-contrast staining could disrupt fragile defective particles which would then resemble membrane fragments. No explanation is yet available to explain the light buoyant density of the L particle. Hall & Martin (1974) have previously described the appearance of defective-interfering particles of MV. Whether or not the M and L particles described in this study are, in fact, true defective-interfering particles will not be known until more information is obtained concerning the nature of the associated RNA species (Huang, 1973) .
The appearance of ring plaques has been previously described in association with the production of infectious pancreatic necrosis virus plaques (IPNV) (Macdonald, 1978) and Short communications lymphocytic choriomeningitis virus (LCMV) (Pfau et al., 1973) . In the case of IPNV, the ring plaques consisted of a single diffuse area surrounding a central plaque and were shown to be associated with the presence of IPNV defective-interfering particles (not isolated). LCMV-produced ring plaques were shown to be related to the pCO2 of the growth atmosphere, with a possible relationship of the pCO2 and interfering particle production having been postulated by the authors (Pfau et aL, 1973) .
Further experiments are now under way to determine the mechanism whereby the temperature-dependent production of the M and L particles may be involved in the interference phenomenon observed, and in in vivo models of persistent MV infections.
